The paper examines the structure and nature of cropping pattern, crop diversification, crop concentration, productivity level and inter-districts disparity in the state of Odisha based on the secondary data collected for the period 1980 -2005 from different published sources. The study has used Herfindahl index, location quotient, Gini coefficient and panel data regression for analysis. The study has revealed that most of the districts in Odisha are experiencing a lateral movement towards crop specialization and crop diversification is seen only in tribal-dominated / technologically less-developed districts. The study has observed a reduction in inequality during the studied period and has concluded that districts in Odisha are converging as far as agricultural productivity is concerned. The study has identified the major determinants of agricultural productivity in Odisha and has suggested some policy measures for increasing agricultural productivity in the state.
Introduction
Odisha is primarily an agrarian economy and agriculture holds the key to overall development of the state, which remains backward, unstable, rain-fed, traditional and prone to natural calamities like droughts, floods and cyclones. The Odisha's agricultural scenario has become "stagnant" over a long period of time (Pattnaik and Shah, 2010; Swain, 1999) . Tripathy and Sarap (1994, p.969) state that an important determinant of growth in agricultural income is the rise in agricultural output, and change in crop pattern. These in turn depend on institutional as well as technological factors.
Agriculture continues to be the mainstay of Odisha economy with contribution of about 25.6 per cent to the state gross domestic product during [2000] [2001] [2002] [2003] [2004] [2005] . The performance of agriculture in the state of Odisha since 1980-81 shows that the overall pattern of structural changes is associated with the process of economic development (Table 1) . During the past three decades, the contribution of agriculture and allied sector to the net state domestic product (NSDP) declined consistently and continuously from 56.6 per cent during [1980] [1981] [1982] [1983] [1984] [1985] Despite decline in its share of NSDP of Odisha, agriculture continues to be a major source of livelihood to a significant segment of population (around 60%). Therefore, agricultural development holds the key to * Author for correspondence the overall development of the state by way of creating employment, generating income, providing raw materials to the industrial sector and ensuring food security for the poor. Agriculture in Odisha is characterized by low productivity due to dominance of traditional agricultural practices, inadequate capital formation, low investment, inadequate irrigation facilities and uneconomic size of holdings. The recent years have experienced not only low productivity but also declining productivity.
The paper examines the structure and nature of changing cropping pattern and crop diversification, crop concentration, productivity level and inter-districts disparity in the state of Odisha during the past three decades . These have been studied through measuring across districts and state as a whole, temporal percentage changes in area share of agricultural crops, crop diversification, crop concentration index, productivity index and disparity in agricultural productivity. The methods employed for the study included Herfindahl Index for measuring crop diversification, locational quotient measure for crop concentration (Ghosh, 2011) , and Sapre and Deshpande index (Sapre and Deshpande, 1964) for measuring ranks of the districts as per their agricultural productivity. To compare inter-districts disparity, various inequality measures were calculated; these included relative mean deviation, coefficient of variation, standard deviation of logs, Gini coefficient and Theil index. The correlation and panel data regression was used for the comparative analysis.
Data and Methodology
This study has conducted analysis at disaggregated level by districts and has analyzed 30 crops grown in Odisha covering 96-98 per cent of gross cropped area. The crops selected for the study were (i) Cereals: rice, wheat, maize, jawar, ragi, bajra, small millets; all kharif and rabi pulses: biri, mung, kulthi, arhar, gram; (ii) Oilseeds: til, mustard, groundnut, castor, linseed, niger, sun flower, safflower; (iii) Vegetables: onion, potato, sweet potato; sugarcane; mesta; fibre crops: sunhemp, jute and cotton; and (iv) Cash crops: chilies, corriender, garlic, ginger, turmeric. The study period, 1980 to 2005 was divided into five sub-periods and quinquennial averages were worked out. The data were obtained from published sources of Directorate of Agriculture and Food Production, Government of Odisha, Bhubaneswar.
Crop Diversification
To study crop diversification, Herfindahl index was used. It is defined as:
, where, p i is the proportion of area under i th crop, , in which A i is the area under i th crop and denotes the total cropped area. The value of Herfindahl index varies between 0 and 1; the value 1 depicts perfect specialization and 0, shows perfect diversification.
Crop Concentration
Crop concentration means the "variation in the density of crops in an area or region at a given point/ 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 2009-2010 Agriculture (Ghosh, 2011) . The concentration of a crop in an area largely depends on its terrain, temperature, moisture, price and income, social factors, government policy, type of soils and many others. The most commonly method to study crop concentration is the Location Quotient (LQ) method.
where, A ij is the gross cropped area under the i th crop in j th district, A j is the gross cropped area in the j th district, and ΣjAj is the gross cropped area in the state which is the summation of GCA of each district. Using this Location Quotient method, Crop Concentration Index (CCI) was calculated. If CCI value is higher than unity, the component areal unit accounts for a share greater than it would have had if the distribution was uniform in the entire region and therefore, the areal unit has a concentration of great agricultural significance.
Agricultural Productivity
To assess agricultural productivity, Sapre and Deshpande index was used. This method is widely used because, along with crop yield level's rank, it takes into account the proportion of area under crop. Instead of using simple average ranks, weighted average of ranks is used. The lower is the value of index, the higher is the productivity level. Because, if a district has yield level in rice which is highest in the state, its weightage is 1; whereas if a district's yield level in rice is ranked 10th in the state, it will get weightage 10. The formula for calculating this index can be expressed as:
where, r 1 ,….,r n represent the rank of crops as per their yield level in the district 'i' in comparison to other district and p 1 ,….,p n represent the proportion of area devoted to these crops in the district 'i'.
Results and Discussions

Cropping Patterns in Odisha
The cropping pattern has shown a changing trend in Odisha in recent years ( It can be observed from Table 2 that even if there is diversification as reflected through the periodical changes in the cropping pattern of around ten crops (wheat, ragi, jowar, bajra, small millets, castor, linseed, safflower, jute, mesta and tobacco), it is outweighed by the specialized and concentrated crops. Although the number of these specialized crops is small (viz., rice, maize, sunflower, cotton and ginger), the total share of their area is high. Among individual crops, rice has the highest share in area, and this has increased over time in the two and half decades under consideration. An important implication of this observation is that contrary to the association of crop diversification with agricultural development, specialization is associated with higher commercialization and agricultural development in Odisha.
Crop Diversification in Odisha
The computed values of Herfindahl index are presented in Table 3 district-wise for the state of Odisha. A perusal of Table 3 reveals that during the first period (1980) (1981) (1982) (1983) (1984) (1985) , except Cuttack, Dhenkanal, Koraput, Phulbani, all other districts were relatively specialized 1980-1985 1985-1990 1990-1995 1995-2000 The districts Balasore and Puri, known as rice bowl of Odisha, have depicted higher values of HI, close to 0.7 in the first period. Five other districts have also experienced a similar kind of trend and this signifies crop specialization in the area. From first to second period, there is a clear trend of decline in HI values for all the districts, except Phulbani and Puri. In the next phase of second to third period, except Ganjam, Kalahandi, and Puri, the rest 10 districts continued the declining trend in their HI values. From third to fourth period, the HI values for all districts have shown a significant change towards crop specialization, with the exception in Kalahandi district. The last phase has shown a mix of decline and increase in the number of districts in terms of their HI values. The average value of HI index for all the districts was computed as 0.65 in the first period, and it went down to 0.61 in second period and further to 0.60 in the third period, but in the later two periods, it again scored 0.65 and 0.66 values.
Hence, we may conclude that in Odisha most of the districts are experiencing a lateral movement toward crop specialization and the crop diversification is not happening. This finding needs to be seen in the context of the fact that most tribal-dominated/less-developed districts (such as Phulbani) have depicted a higher level of diversification. The agricultural development has mostly taken the form of shift toward rice production in most districts (such as Sambalpur and Bargarh) of the state. 
Determinants of Crop Diversification
Among the host of factors, crop yield and cropping intensity are the most important determinants of crop choice. If yield level of crop increases, then these crops attract a major chunk of area in a cropping season. But, if cropping intensity increases, then crop diversification takes place. Hence, we hypothesized that crop yield will be negatively and cropping intensity will be positively correlated with crop specialization index. Table 4 shows the correlation between HI values and factors affecting crop diversification in Odisha. It shows that correlation coefficient for share of total oilseeds is highest (0.972), followed by the share of condiments and spices, vegetables, other total crops and crop yield and these are correlated positively for making diversification in crop cultivation. On the other hand, crop specialization observed in Odisha, is supported positively by the share of total foodgrains, cropping intensity, chemical fertilizer consumption, net irrigated area, number of landholdings, and area operated.
The regression estimates for crop diversification are given in Table 5 , where the dependent variable HI indicates that higher is the value less will be the crop diversification and vice versa. The independent variables are cropping intensity, irrigation, fertilizer, share of area under fertilizer and area share under condiments and spices, and foodgrains. The problem of multicollinearity has been taken care of and hence, the mean value of variance inflationary factor (VIF) has been estimated as 2.18, showing no multicollinearity.
The overall significance of F value is quite satisfactory and R-squared value showing 95 per cent variation has been determined by these independent variables. Fertilizer consumption has not emerged significant for crop diversification. Although marginal, irrigation and area under condiments and spices crops influence crop diversification (at 5 % level). Area share under foodgrains (at 1 % significance level) and cropping intensity (at 5 % significance level) exercise crop specialization.
The extent of crop diversification varies across districts, depending upon agro-climatic conditions and also equally important factors are crop yield and cropping intensity. In this context, Table 6 shows that there has been a significant share of total foodgrains in gross cropped area, which shows the occurrence of reverse of diversification, i.e. crop specialization. It is seen that not a single district has less than 65 per cent gross cropped area under total foodgrain crops. It implies that this is the sole reason of crop specialization in the state. It was therefore decided to see which crops are getting concentrated across the districts in comparison to the state as a whole.
Crop Concentration
• The crop concentration index (Table 7) shows that out of 30 crops grown in Odisha, the focus is only on following 7 crops: Rice, Maize, Ragi, Niger, Mustard, Til, Groundnut and Turmeric.
• In all the 13 districts, the value of concentration index for rice is higher than for rest of the crops grown in Odisha in all the five sub-periods from 1980 to 2005.
• The CCI value for maize has been found greater than unity in only two districts -Phulbani and Keonjhar -for all the five sub-periods.
• As per CCI value, ragi has depicted concentration only once in the first period (1980) (1981) (1982) (1983) (1984) (1985) and only in two districts, Phulbani (1.53) and Ganjam (1.05).
• Niger crop has shown concentration in only two districts, Phulbani and Keonjhar, although it has shown presence in all the sub-periods.
• The concentration of mustard crop has been observed only in one district, Phulbani, in all the five sub-periods, while groundnut has depicted concentration in only one period (1985) (1986) (1987) (1988) (1989) (1990) ) and one district, Dhenkanal.
• Til and turmeric crops have shown concentration in Dhenkanal and Phulbani districts, respectively. -1980-1985 1985-1990 1990-1995 1995-2000 2000- Source: Calculated form the data Directorate of Agriculture and Food Production, Odisha, Bhubaneswar. Note: Lower the index value higher is the productivity level. Hence, author has presumed here that taking the productivity index values of Odisha as bench-mark the districts having productivity index value between 0 and 6 are considered more productive, while those having productivity index value higher than 6 are regarded low productive. . Table 8 . Note: Lower is the value of index, higher is the agricultural productivity level and vice-versa. It is visible that the districts of Sundergarh, Bolangir, Dhenkanal, Kalahandi, Keonjhar, Mayurbhanj and Phulbani have less agricultural productivity. On the other hand, the districts like Cuttack, Sambalpur and Koraput have higher agricultural productivity, followed by Puri, Ganjam and Balasore districts. More observations can be made on the graph over temporal behaviour of Odisha by districts. The disparity in productivity is distinctly visible in the radar diagram (Figure 1 ). The points closer to the centre in the diagram are more productive. The distance from centre to the radius is 12 unit. Table 9 depicts spatio-temporal disparity in agricultural productivity in Odisha based on various inequality measures. A perusal of Table 9 reveals that the values of Theil index, coefficient of variation, relative mean deviation, Gini coefficient and log standard deviation depict a similar kind of slightly declining trend during the first three periods, and increase in these values in the fourth period, but still lower than in the first period. As a whole, all the inequality measures show a reduction in inequality during the study period 1980 to 2005. Hence, we may say that the districts in Odisha are converging as far as agricultural productivity is concerned.
Productivity Level and Inter-district Disparities
Rank
The agrarian structure and productivity interlinkage can be described better based on Table 10 , which shows correlation among the yield rate of foodgrains, fertilizer consumption, irrigation (percentage NIA to NSA), proportion of share-cropping in total operated area, proportion of leased-in land in total operated area, and proportion of marginal, small and large size landholdings in total operated area. The agrarian structure is based on technological and institutional factors; here the variables fertilizer and irrigation represent technological factors and the other variables, viz. share-cropping, leased-in land, marginal, small and large size landholdings represent institutional factors.
A perusal of Table 10 reveals that the technological factors, fertilizer and irrigation, are correlated positively with the yield rate and show significance at 0.01 level of probability. But, the marginal landholding size is negatively correlated with the yield rate and is significant at 0.05 level of probability. The leased-in land and yield rate are positively (24%) correlated and are significant at 0.10 level of probability.
The correlation of yield rate with other variables of institutional factors have not been found significant. Fertilizer and irrigation, the technological factors are positively (55%) correlated and are significant at 0.01 per cent level of probability. The leasing-in of land has been adopted largely in the technologicallydeveloped regions as the correlation coefficients of fertilizer and irrigation are positive and significant at 0.01 level of probability. The correlation coefficients of marginal size of landholding with fertilizer and irrigation are significant at 0.01 level. It shows that fragmentation of landholding is less in the technologically-developed area and tenancy is associated with the low technology adoption. The correlation coefficient of large landholding size with fertilizer is significant at 0.10 level and with irrigation is significant at 0.01 level of probability. It supports that agricultural technology is being adopted by large farmers. The large farmers have been found involved in share-cropping. The share-cropping has been found quite significant in technologically-developed regions. Table 9 . Spatio-temporal disparity in agricultural productivity in Odisha Inequality measures 1980-1985 1985-1990 1990-1995 1995-2000 2000-2005 Relative The next logical step was to probe into the causes for inter-district variations in agricultural performance in Odisha. To identify such factors, we estimated a panel data regression equation by taking yield rate of foodgrains for the five sub-periods in 13 districts of Odisha as a dependent variable and fertilizer use, cropping intensity, irrigation, percentage of leased-in land in total operational area and four dummies, d 1, d 2, d 3 and d 4, for the years 2000-01, 1995-96, 1990-91 and 1985-86 , respectively as the explanatory variables. The cropping intensity and irrigation were taken as proxy for infrastructure, percentage of leasedin land for institutional factor, fertilizer-use for technological factor and dummies for the previous years for capturing favourable climatic conditions in Odisha.
In the panel data regression (Table 11) , fertilizer consumption (positively), d 1 dummy for the year 2000-01 (negatively) and d 2 dummy (positively) for the year 1995-96 were the only variables that exercised maximum influence on the yield of foodgrains by affecting it significantly at 1 per cent and 5 per cent levels, respectively. Other factors have not been found statistically significant. Thus, the results indicate fertilizer consumption to be the most important determining factor of agricultural productivity, which again proves that yield in Odisha agriculture is technology-driven and not because of institutional agrarian structure. The negative coefficient for the dummy variable d 1 shows that 2000-01 was a bad year for disaster-prone, flood, and drought affected Odisha. The positive value of coefficient for dummy d 2 shows the year 1995-96 to be good from agricultural point of view. The R-squared value 0.468 indicates that around 47 per cent of inter-district variations in yield could be explained by this regression model.
Concluding Remarks
The study has revealed that Odisha is basically a mono-crop (rice) state. The reasons behind increasing preference for production of rice are irrigation facilities and provision of minimum support price (MSP) by the government for this crop. An assured and increasing price of rice vis-à-vis other crops has resulted in a higher preference for rice cultivation. Thus, there has been a move towards specialization rather than diversification as a result of agricultural development in the state.
Agricultural productivity level across the districts of Odisha is converging as per the Sapre and Deshpande index and the values for various inequality measures have been found out in the analysis. The ranks of districts as per productivity level urge for micro level research across low-productivity districts by adopting the model of high-productive districts (Balasore, Cuttack and Sambalpur).
The inter-district variations in yield rate are mostly related to difference in fertilizer consumption and climatic conditions. Therefore, agricultural productivity can be enhanced by increasing technological factors and promoting cropdiversification. To combat exogenous factors such as disasters like floods and droughts, the Government of Odisha should accord due attention to plantation programmes and related measures. The study has suggested that the government should take proper steps on management of the existing institutional drawbacks.
